The raw sequences for all samples were sent to the Sequence Read Archive (SRA) database of the National Center for Biotechnology Information (NCBI) with the accession numbers SRP260944 for bacteria and SRP261054 for fungi. All other relevant data are within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

Soil contains around 1500 Pg of organic carbon (C) and plays a major role in the carbon cycling in terrestrial ecosystems \[[@pone.0237245.ref001]\]. A small variation in soil C sequestration can lead to a significant change in atmospheric CO~2~ concentration \[[@pone.0237245.ref002]\]. Increased soil C storage has been suggested as a way to mitigate greenhouse gas emissions \[[@pone.0237245.ref003]\]. In the recent decades, straw mulching has widely been adopted to conserve soil water, regulate soil temperature and increase crop yield in dryland cropping systems. The application of straw mulch also has been proposed as a method to store organic carbon long term \[[@pone.0237245.ref004], [@pone.0237245.ref005]\]. In an 8-yr study in the Loess Plateau of China, Wang et al. \[[@pone.0237245.ref005]\] reported that soil organic C (SOC) stock was 7--35% greater with straw mulching than without. Generally, SOC would change slowly with management practices due to its large pool sizes and inherent spatial variability \[[@pone.0237245.ref004]\]. Soil labile C fractions, such as microbial biomass carbon (MBC) and potential C mineralization (PCM) would response more rapidly to environmental change than SOC \[[@pone.0237245.ref006]\].

Straw mulching increased substrate availability for soil microbials due to additional input \[[@pone.0237245.ref007]\]. Similarly, soil hydrothermal conditions can be significantly changed with straw mulching as related to no mulching \[[@pone.0237245.ref008], [@pone.0237245.ref009]\]. Such changes in soils due to straw mulching would affect soil respiration (SR) and microbial activities. Several studies reported that straw mulching could increase the SR rate due to higher availability of C substrates \[[@pone.0237245.ref010]\]. However, SR rate was controlled by many factors, such as soil temperature, moisture, and nitrogen levels. The studies about the effect of straw mulching on SR rate had different results \[[@pone.0237245.ref011]\]. Soil microorganisms are the main decomposer groups involved in the soil C cycling \[[@pone.0237245.ref003]\]. Most previous studies showed that straw mulching can increase the activity and population of soil bacteria and fungi, due to higher soil C substrate quality and quantity \[[@pone.0237245.ref012], [@pone.0237245.ref013]\]. But contrasting results were also reported, that soil microbial diversity was significantly lower with straw mulching than without \[[@pone.0237245.ref014]\].

In the context of climate change, the responses of SOC, SR and microbial activity to warming have gained more attentions recently. Increasing temperature would stimulate soil microbial metabolisms \[[@pone.0237245.ref015]\], accelerate SOC decomposition \[[@pone.0237245.ref016]\] and increase C efflux through SR \[[@pone.0237245.ref017]\]. Since the temperature sensitivity of SR (Q~10~) varied with the substrate availability \[[@pone.0237245.ref018]\], how the comprehensive responses of C soil fractions, SR and microbial communities to straw mulching would vary with different temperature change is now well reported. Here, we carried out an incubation study, aimed to (1) determine changes in carbon fractions and SR rates to different temperatures in soils with and without 9-yr straw mulching, (2) quantify the effect of straw mulching on soil temperature sensitivity; and (3) explore the relationships among soil C fractions, SR rates and the soil microbial community. We hypothesized that: (1) straw mulching would increase SR rates by increasing the input of organic matter in the soil compared with no mulching; and (2) straw mulching could change the temperature sensitivity of the agro-ecosystem due to the regulation of soil C fractions and soil microbial community.

Materials and methods {#sec002}
=====================

Experimental sites and soil sampling {#sec003}
------------------------------------

A mulching experiment was started in 2009 at the Changwu Agro-Ecological Station in the Loess Plateau (107° 44.70' E, 35° 12.79' N) of China. The site has a monsoon climate with a mean annual temperature of 9.1 °C and an annual precipitation of 580 mm. The mean frost-free period is 194 days and the open-pan evaporation is 1440 mm. The soil was a Heilutu silt loam (Calcarid Regosol according to the FAO classification system), with 35 g kg^-1^ sand, 656 g kg^-1^ silt, and 309 g kg^-1^ clay, 1.30 Mg m^-3^ bulk density, 8.3 pH, 9.10 g kg^-1^ SOC, and 1.10 g kg^-1^ soil total nitrogen at 0--20 cm depth at the initiation of the experiment.

The field experiment design has been described in detail by Wang et al. \[[@pone.0237245.ref005]\]. Briefly, field plots with straw mulch (SM) and no mulch (CK) were arranged in a randomized complete block design with three replications. Each plot size was 6.7 m wide by 10.0 m long. Plots and blocks were separated by 0.5 and 1.0 m strips, respectively. SM included a surface of whole corn straw at 9000 kg ha^-1^. Corn straw had a C/N ratio of 40.1 and the contents of cellulose, hemicellulose and lignin were 32%, 28% and 15.5%, respectively. Corn was planted in mid-April and harvested in late September for each year. Corn was planted by hand under conventional tillage which consisted of hand tractor-drawn plows to a depth of 10 cm at planting. Nitrogen fertilizer as urea (46% N) at 120 kg N ha^-1^ and phosphate fertilizer as calcium superphosphate (20% P) at 60 kg P ha^-1^ were broadcast and then incorporated to a depth of 20 cm using a rotary tiller before sowing. Potassic fertilizer was not applied because of high soil potassium content (about 130 mg kg^-1^ at 0--20 cm soil depth). Corn was planted at 0.04 million plants ha^-1^ with 60 cm row spacing for all treatments. No irrigation was applied. After crop harvest, left-over straw mulch was removed from the soil surface.

Fresh soil samples were collected from after corn harvest in October 2017. Soil samples (about 10 kg) were collected with a spade from the surface layer (0--20 cm) from five places within a plot. Then we composited five samples to one sample, and placed them in plastic boxes. We tried to avoid damaging the soil structure during the collection process. After removing roots and rocks, the samples were sieved through a 2 mm mesh immediately and then kept at 4 °C for incubation.

Design of the incubation study {#sec004}
------------------------------

Soil samples of 500 g were placed in a jar and incubated at 15 °C, 25 °C, and 35 °C, each with three replicates, for a total of 18 samples. This range of temperatures was selected according to the range of air temperatures that occurred during the crop growing season. The jars were placed in incubators and soil samples were adjusted to 60% water filled pore space using weighing method throughout the incubation \[[@pone.0237245.ref019]\]. We maintained constant soil moisture by weighing each sample once a week and adjusting the water content to the target mass. Air samples from the headspace of the sealed mason jars were drawn through septa, transferred to evacuated vials, and CO~2~ concentrations were measured using a Li-COR LI-840A infrared gas analyzer \[[@pone.0237245.ref020]\]. The processed soils were then subjected to incubation and moisture for 60 days. Carbon dioxide in the headspace of each jar was measured every day at the outset of the incubation.

About 50 g of soil samples were removed from the incubator at 0 and 60 days after incubation (DAI), then air-dried at room temperature, and subjected to measure soil organic carbon (SOC), potential C mineralization (PCM), and microbial biomass C (MBC). Furthermore, fresh soil samples were collected before and at the end (day 60) of the short-term incubation to measure the structural composition of both the bacterial and fungal communities. The fresh soil samples for microbial analysis were stored at -80 °C for DNA extraction.

Soil analysis {#sec005}
-------------

SOC concentration (before and during incubation) was measured using a high induction furnace C and N analyzer (Euro Vector EA3000, Manzoni, Italy) after pretreating the soil with 1 mole L^-1^ HCl to remove inorganic C. The PCM and MBC concentrations were determined using the fumigation-incubation method reported by Wang et al. \[[@pone.0237245.ref005]\]. Briefly, 10 g air-dried soil was moistened with water at 50% field capacity and placed in a 1 L jar containing beakers with NaOH to trap evolved CO~2~, and incubated in the jar at 21 °C for 10 d. PCM concentration was determined by measuring CO~2~ absorbed in NaOH. The moist soil used for determining PCM was subsequently used for determining MBC by the modified fumigation-incubation method for air-dried soils. The moist soil was fumigated with ethanol-free chloroform for 24 h and placed in a 1 L jar containing beakers with NaOH. Fumigated moist soil was incubated for 10 d, and the CO~2~ absorbed in NaOH was back-titrated with HCl.

Soil DNA was extracted from 0.5 g of freeze-dried soil using Fast DNA SPIN extraction kits (MP Biomedicals, Santa Ana, CA, USA). The extraction method was same as Ren et al. \[[@pone.0237245.ref002]\]. The universal Eubacterial primers 338F (`5’-ACTCCTACGGGAGGCAGCA`) and 806R (`5’-GGACTACHVGGGTWTCTAAT-3’`) were used for amplifying the 16S rRNA V3-V4 fragment. The universal eukaryotic primers ITS5F (`5’-GGAAGTAAAAGTCGTAACAAGG`) and ITS1R (`GCTGCGTTCTTCATCGATGC`) were used for amplifying the ITS-1 region. The 7-bp barcodes were incorporated into the primers for multiplex sequencing. The solution for bacterial amplification contained 0.4 μl of each primers, 0.4 μl FastPfu polymerase, and 10-ng template DNA. Thermal cycling consisted of initial denaturation at 98 °C for 2 min, 25 cycles (98 °C for 15 s, 55 °C for 30 s, and 72 °C for 30 s), followed by a final extension at 72 °C for 5 min. The PCR reaction of ITS rRNA was carried out in a 25-μl mixture which contained 0.5μl of each primer at 30 μmol l^-1^, 10-ng template DNA, and 22.5 μl of Platinum PCR SuperMix (Invitrogen, Shanghai, China). PCR reactions for the fungal ITS region were 95 °C for 2 min, 30 cycles (95 °C for 30 s, 55 °C for 30 s, 72 °C for 30 s), and followed by a final extension at 72 °C for 5 minutes.

Each sample was amplified for three times and the relative amplicons were mixed to provide a final PCR product. Each sample was amplified three times, and then the relative amplicons were mixed to obtain one final PCR product. In order to improve the quality and concentration of the PCR product, each mixed gene was subjected to electrophoresis in 2% agarose gels. PCR products were further excised using an AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, USA), and the relative DNA was solubilized with ddH~2~O. Finally, PCR products were pooled in a single tube and then sequenced using Illumina's MiSeq platform at the Personal Biotechnology Co., Ltd (Shanghai, China). Raw sequences were processed using the Quantitative Insights into Microbial Ecology (QIME, v1.8.0) pipeline as described by Caporaso et al. \[[@pone.0237245.ref021]\]. Finally, the raw sequences for all samples was sent to the Sequence Read Archive (SRA) database of the National Center for Biotechnology Information (NCBI, Bethesda, MD, USA) under the accession numbers SRP260944 and SRP261054 for bacteria and fungi, respectively.

Data analysis {#sec006}
-------------

Data for soil C fractions, cumulative respiration, and soil microbial communities were analyzed using a two-way analysis of variance (ANOVA) (SPSS Statistics). The mulching treatment and incubation temperature were considered fixed effects and replication as the random effect for data analysis. Means were separated using Duncan's multiple range test when treatments and interactions were significant. Statistical significance was observed at *P*≤0.05. Community taxonomic alpha richness and diversity (Chao1 and Shannon index) were calculated by the mothur software (Version v.1.30.1) \[[@pone.0237245.ref022]\]. Principal component analysis (PCA), using weighted UniFrac distances,was used to explore the differences in soil bacterial and fungal community structure across the mulching methods and temperatures. Redundancy analysis (RDA) was performed to gain insights into the relationship between the composition of soil bacterial and fungal communities under straw mulching, no mulching, and incubation temperature using CANOCO software \[[@pone.0237245.ref023]\].

The temperature sensitivity (Q~10~) of soil respiration were determined using the formulas as follows \[[@pone.0237245.ref024]\]: $$\text{R}_{\text{s}} = \text{ae}^{\text{bT}}$$ $$\text{Q}_{10} = \text{e}^{10\text{b}}$$ Where *R*~*s*~ is the soil respiration rate (mol m^-2^ d^-1^), *T* is the temperature (°C), and *a* and *b* are the coefficients. Q~10~ is estimated based on soil respiration rates under temperature increase from 15°C to 25 °C and 25 °C to 35 °C, separately. The one-way ANOVA and Pearson correlation were analyzed using the SPSS software.

The microbial metabolic quotient (*q*CO~2~) was determined using the methods by Wardle and Ghani \[[@pone.0237245.ref025]\].

Results {#sec007}
=======

Soil carbon fractions {#sec008}
---------------------

At the beginning of incubation, SOC and PCM contents were greater with SM than CK ([Table 1](#pone.0237245.t001){ref-type="table"}), and no difference in MBC was found between SM and CK. At the end of the short-term incubation, SOC and PCM contents were greater in SM than CK when averaged across incubation temperatures, and no difference in MBC was found between SM and CK ([Table 2](#pone.0237245.t002){ref-type="table"} and [S1 Table](#pone.0237245.s002){ref-type="supplementary-material"}). On average, the contents of SOC, PCM, and MBC were greater with 15 °C and 25 °C than 35 °C. Furthermore, the PCM content was greater after incubation than before incubation in both SM and CK, while the MBC content decreased significantly after short-term incubation.

10.1371/journal.pone.0237245.t001

###### Soil carbon fractions before incubation.

![](pone.0237245.t001){#pone.0237245.t001g}

  Mulching [^a^](#t001fn001){ref-type="table-fn"}   SOC (g/kg)                                    PCM (mg/kg)   MBC (mg/kg)
  ------------------------------------------------- --------------------------------------------- ------------- -------------
  **CK**                                            8.86b[^b^](#t001fn002){ref-type="table-fn"}   207b          441a
  **SM**                                            9.55a                                         321a          402a

^a^ CK: no mulching; SM: straw mulching.

^b^ Different lowercase letters indicate significant difference between straw mulching and no mulching.

10.1371/journal.pone.0237245.t002

###### Soil carbon fractions after incubation.

![](pone.0237245.t002){#pone.0237245.t002g}

  Mulching [^a^](#t002fn001){ref-type="table-fn"}   Incubation temperature (°C)   SOC (g/kg)                                  PCM (mg/kg)                               MBC (mg/kg)
  ------------------------------------------------- ----------------------------- ------------------------------------------- ----------------------------------------- ---------------------------------------
  **CK**                                                                          8.20b                                       326b                                      379a
  **SM**                                                                          8.81a                                       374a                                      360a
                                                    **15**                        8.61a                                       360a                                      406a
                                                    **25**                        8.51b                                       363a                                      359ab
                                                    **35**                        8.38c                                       327b                                      344b
  [**Significance**]{.ul}                                                                                                                                               
  **Mulch (M)**                                                                   [\*\*\*](#t002fn003){ref-type="table-fn"}   [\*\*](#t002fn004){ref-type="table-fn"}   NS
  **Temperature (T)**                                                             [\*\*\*](#t002fn003){ref-type="table-fn"}   [\*](#t002fn005){ref-type="table-fn"}     [\*](#t002fn005){ref-type="table-fn"}
  **M×T**                                                                         NS                                          NS                                        NS

^a^ CK: no mulching; SM: straw mulching.

^b^ Different lowercase letters indicate significant difference between straw mulching and no mulching or among incubation temperatures.

\*\*\* significant at *P*≤0.001 levels;

\*\* significant at *P*≤0.01 levels;

\* significant at *P*≤0.05 levels; NS, no difference.

SOC: soil organic carbon; PCM: potential C mineralization; MBC: microbial biomass carbon.

Soil respiration, temperature sensitivity (Q~10~) and metabolic quotient (*q*CO~2~) {#sec009}
-----------------------------------------------------------------------------------

The rate of SR increased rapidly during early incubation and peaked at 10 DAI with 35 °C and at 14--15 DAI with 15 °C and 25 °C and then declined ([Fig 1](#pone.0237245.g001){ref-type="fig"}). Averaged across incubation temperature, the mean respiration rate during 0--15 DAI was greater in SM than CK. At the end of incubation, the respiration rates were only about 50% of the initial values and the 60-d cumulative CO~2~ emission was significantly greater in SM than CK ([Fig 2](#pone.0237245.g002){ref-type="fig"}). The cumulative respiration was 1.78, 2.11, and 2.41 mol m^-2^ at 15 °C, 25 °C, and 35 °C (*P*\<0.05), respectively. Strong correlations were found between the cumulative respiration and incubation temperature (r^2^, 0.967 to 0.998; *P*\<0.001), with a Q~10~ of 1.18 and 1.12 for CK and SM, respectively ([Table 3](#pone.0237245.t003){ref-type="table"}). The *q*CO~2~ under both CK and SM appeared to increase with increasing incubation temperatures ([Fig 3](#pone.0237245.g003){ref-type="fig"}). For all incubation temperatures, SM had higher *q*CO~2~ than CK.

![Soil respiration rate under different mulching methods and incubation temperatures.\
CK: no mulching; SM: straw mulching.](pone.0237245.g001){#pone.0237245.g001}

![Cumulative soil respiration over the 60-day incubation under straw mulching and no mulching at different incubation temperatures.\
a CK: no mulching; SM: straw mulching. b Different lowercase letters indicate significant difference between straw mulching and no mulching.](pone.0237245.g002){#pone.0237245.g002}

![Soil microbial metabolic quotient (*q*CO~2~) under different mulching treatments and incubation temperatures.\
CK: no mulching; SM: straw mulching.](pone.0237245.g003){#pone.0237245.g003}

10.1371/journal.pone.0237245.t003

###### Regression equations between cumulative Soil Respiration (R~s~) and incubation Temperature (T) under no mulching and straw mulching.

![](pone.0237245.t003){#pone.0237245.t003g}

  Mulching                                   Equation                Q~10~   R^2^    Significance
  ------------------------------------------ ----------------------- ------- ------- --------------
  CK[^a^](#t003fn001){ref-type="table-fn"}   R~s~ = 1.44e^0.0163T^   1.18    0.998   \<0.001
  **SM**                                     R~s~ = 1.94e^0.0115T^   1.12    0.967   \<0.001

^a^ CK: no mulching; SM: straw mulching.

Soil microbial diversity and community structure {#sec010}
------------------------------------------------

Observed species and bacterial alpha-diversity indices based on the Chao 1 richness and Shannon's diversity indices were not significantly different with and without straw mulch before incubation ([Table 4](#pone.0237245.t004){ref-type="table"}). SM had greater bacterial richness compared to CK when averaged across incubation temperatures. The bacterial richness and diversity were greater in 15 °C and 25 °C than 35 °C ([Table 5](#pone.0237245.t005){ref-type="table"}).

10.1371/journal.pone.0237245.t004

###### Soil bacterial and fungal diversity (Shannon index) and richness (Chao1 index) under different mulching methods before incubation.

![](pone.0237245.t004){#pone.0237245.t004g}

  Mulching [^a^](#t004fn001){ref-type="table-fn"}   Bacteria                                      Fungi          
  ------------------------------------------------- --------------------------------------------- ------- ------ -------
  **CK**                                            3628a[^b^](#t004fn002){ref-type="table-fn"}   7.58a   891a   4.47a
  **SM**                                            3678a                                         7.58a   970a   4.61a

^a^ CK: no mulching; SM: straw mulching.

^b^ Different lowercase letters indicate significant difference between straw mulching and no mulching.

10.1371/journal.pone.0237245.t005

###### Soil bacterial and fungal diversity (Shannon index) and richness (Chao1 index) under different mulching methods after incubation.

![](pone.0237245.t005){#pone.0237245.t005g}

  Mulching [^a^](#t005fn001){ref-type="table-fn"}   Incubation temperature (°C)   Bacteria                                                                          Fungi   
  ------------------------------------------------- ----------------------------- --------------------------------------- ----------------------------------------- ------- -------
  **CK**                                                                          4810b                                   7.66a                                     1009a   4.59a
  **SM**                                                                          5264a                                   7.68a                                     1048a   4.77a
                                                    **15**                        5539a                                   7.78a                                     900a    4.75a
                                                    **25**                        4926ab                                  7.72a                                     1073a   4.78a
                                                    **35**                        4647b                                   7.51b                                     1112a   4.51a
  [**Significance**]{.ul}                                                                                                                                                   
  **Treatment (T)**                                                               [\*](#t005fn004){ref-type="table-fn"}   NS                                        NS      NS
  **Temperature (ST)**                                                            [\*](#t005fn004){ref-type="table-fn"}   [\*\*](#t005fn003){ref-type="table-fn"}   NS      NS
  **T×ST**                                                                        NS                                      NS                                        NS      NS

^a^ CK: no mulching; SM: straw mulching.

^b^ Different lowercase letters indicate significant difference between straw mulching and no mulching or among incubation temperatures.

\*\* Significant at *P*≤0.01 levels;

\* significant at *P*≤0.05 levels; NS, no difference.

Principal coordinates analysis showed no difference in the OTU composition between CK and SM before incubation ([S1 Fig](#pone.0237245.s001){ref-type="supplementary-material"}). However, both bacteria and fungi varied with mulching treatments and incubation temperature after incubation ([Fig 4](#pone.0237245.g004){ref-type="fig"}). About 55.9--61.3% and 66.2--69.7% of the variance was explained by the first two axes for bacteria and fungi after incubation, respectively. According to PCA analysis, bacterial and fungal communities were significantly different from each other with and without straw mulch and for the incubation temperatures (Figs [4](#pone.0237245.g004){ref-type="fig"} and [5](#pone.0237245.g005){ref-type="fig"}).

![Principal Coordinates Analysis (PCoA) of soil microbial community composition under straw mulching and no mulching after incubation based on Bray-Curtis distances.\
CK: no mulching; SM: straw mulching.](pone.0237245.g004){#pone.0237245.g004}

![Principal Coordinates Analysis (PCoA) of soil bacterial community composition at different incubation temperatures based on Bray-Curtis distances.\
CK: no mulching; SM: straw mulching.](pone.0237245.g005){#pone.0237245.g005}

Bacterial and fungal community compositions {#sec011}
-------------------------------------------

For all soil samples (before and after incubation), the dominant bacterial phyla (≥1%) consisted of *Proteobacteria* (29.5%), *Actinobacteria* (19.2%), *Chioroflexi* (14.8%), *Acidobacteria* (14.4%), *Gemmatimonadetes* (8.49%), *Nitrospirae* (4.38%), *Planctomycetes* (4.18%), and *Bacteroidetes* (1.52%) ([Fig 6](#pone.0237245.g006){ref-type="fig"}). Before incubation, no significant difference in bacterial or fungal phyla was found between CK and SM. However, after incubation, the relative abundances of phyla *Proteobacteria*, *Acidobacteria*, *Nitrospirae*, *Planctomycetes*, and *Bacteroidetes* were greater than that of phyla *Actinobacteria*, and *Chloroflexi* was lower in SM than CK ([Fig 6](#pone.0237245.g006){ref-type="fig"} and [S2 Table](#pone.0237245.s003){ref-type="supplementary-material"}). For *Proteobacteria*, the dominant classes were *Gammaproteobacteria*, *Alphaproteobacteria*, *Betaproteobacteria*, and *Deltaproteobacteria*, and only *Deltaproteobacteria* increased with straw mulching at all incubation temperatures ([S3 Table](#pone.0237245.s004){ref-type="supplementary-material"}). Within *Deltaproteobacteria*, the order *Desulfurellales* increased with straw mulch. However, the class *Actinobacteria*, *Thermoleophilia*, and *MB-A2-108*, a branch of *Actinobacteria*, declined greatly with straw mulch. For *Chloroflexi*, class *KD4-96*, *Chloroflexia*, *Thermomicrobia*, and *Gitt-GS-136* were lower in SM than CK.

![Relative abundances of (a) bacterial and (b) fungal phyla under straw mulching and no mulching before and after incubation.\
CK: no mulching; SM: straw mulching.](pone.0237245.g006){#pone.0237245.g006}

The microbial relative abundance of phyla and class varied with different incubation temperatures ([Fig 6](#pone.0237245.g006){ref-type="fig"} and [S2](#pone.0237245.s003){ref-type="supplementary-material"} and [S3](#pone.0237245.s004){ref-type="supplementary-material"} Tables). The relative abundances of phyla *Chloroflexi*, *Acidobacteria*, and *Bacteroidetes* decreased with incubation temperature, while the relative abundance of the phylum *Gemmatimonadetes* was greater at 35 °C than at 15 °C and 25 °C. For bacteria, the relative abundance class of *Alphaproteobacteria*, a branch of *Proteobacteria*, was greater at 15 °C than at 25 °C and 35 °C under CK, but was greater at 15 °C and 25 °C than at 35 °C for SM. The relative abundance class *Betaproteobacteria* was greater at 35 °C than at 15 °C and 25 °C under SM, and had no difference for CK. For *Actinobacteria*, the relative abundance of *Acidimicrobiia* decreased with increasing incubation temperatures under SM. The relative abundance of phyla *Chloroflexi* in CK and *Acidobacteria* in SM were greater at 15 °C and 25 °C than at 35 °C.

The dominant fungal phyla consisted of *Ascomycota* (73.8%), *Basidiomycota* (9.71%), and *Zygomycota* (5.49%) ([Fig 6](#pone.0237245.g006){ref-type="fig"}). For fungi, when averaged across incubation temperature, the relative abundance of phylum *Ascomycota* was lower, and *Basidiomycota* was greater in SM than CK ([Fig 6](#pone.0237245.g006){ref-type="fig"}, [S4](#pone.0237245.s005){ref-type="supplementary-material"} and [S5](#pone.0237245.s006){ref-type="supplementary-material"} Tables). For the phylum *Ascomycota*, the class *Sordariomycetes* was the most dominant class and was similar in CK and SM. The relative abundance of the phylum *Basidiomycota* was greater in SM than CK at 15 °C and 25 °C. The relative abundance of the fungi *Ascomycota* increased with increasing incubation temperatures. No significant difference in other dominant fungal phyla was found among the different incubation temperatures. Within the phylum *Ascomycota*, the relative abundances of the classes *Dothideomycetes* and *Lecanoromycetes* increased as incubation temperatures increased. The relative abundance of *Agaricomycetes*, a branch of the phylum *Basidiomycota*, was greater at 15 °C and 25 °C than at 35 °C under SM, and had no difference under CK.

Relationships among respiration, soil C fraction, and microbial community composition {#sec012}
-------------------------------------------------------------------------------------

Soil respiration was highly correlated to SOC for all incubation temperatures (*P*\<0.01), and was correlated with PCM at 15 °C and 25 °C (*P*\<0.05) ([S6 Table](#pone.0237245.s007){ref-type="supplementary-material"}). Redundancy analysis showed strong relationships among soil C fractions, soil respiration, and microbial compositions ([Fig 7](#pone.0237245.g007){ref-type="fig"}). SOC and PCM were positively correlated with the relative abundances of *Acidobacteria*, *Bacteroidetes*, *Nitrospirae*, and *Planctomycetes*, and SOC was negatively correlated with *Actinobacteria*. The MBC was positively correlated to the relative abundance of *Chloroflexi*. SR was positively related to relative abundance of *Proteobacteria*, and negatively to the relative abundance of *Chloroflexi*. For the dominant fungal phyla, SOC and PCM were positively related to the relative abundances of *Basidiomycota* and *Zygomycota*, and negatively to that of *Ascomycota*. Furthermore, the correlations between SR, C fractions, and microbial community structure varied with and without straw mulching at both the phylum and class levels ([S7](#pone.0237245.s008){ref-type="supplementary-material"} and [S8](#pone.0237245.s009){ref-type="supplementary-material"} Tables). At the phylum level, SOC fractions and/or SR were significantly correlated to the abundance of *Chloroflexi* in CK, and with abundances of *Proteobacteria*, *Acidobacteria*, *Bacteroidetes*, and *Ascomycota* in SM.

![Plots of the eigenvectors from Redundancy Analysis (RDA) in the plane of the first two axes to show the relations among the microbial populations (black arrows) and soil C fractions and respiration (SR) (red arrows).\
Proteobacteria (Prot), Actinobacteria (Acti), Chloroflexi (Chlo), Acidobacteria (Acid), Gemmatimonadetes (Gemm), Nitrospirae (Nitr), Planctomycetes (Plan), Bacteroidetes (Bact), Ascomycota (Asco), Zygomycota (Zygo), Basidiomycota (Basi) and unidentified (unid).](pone.0237245.g007){#pone.0237245.g007}

Discussion {#sec013}
==========

The significant decrease in SOC after incubation (Tables [1](#pone.0237245.t001){ref-type="table"} and [2](#pone.0237245.t002){ref-type="table"}) was in accordance with Follett et al. \[[@pone.0237245.ref026]\]. The amount of SOC present at the beginning of the incubation was indicative of a larger pool of the less resistant fractions that were available to be broken down and recycled, thus resulting in lower percentages of the original SOC remaining after 60 days of incubation \[[@pone.0237245.ref027]\]. During incubation, the higher SOC concentrations in SM compared to CK could be due to the increased C input from straw mulch ([Table 2](#pone.0237245.t002){ref-type="table"}), which was confirmed by a previous study \[[@pone.0237245.ref005]\]. Throughout incubation, the reduction of SOC was greater with higher temperature than lower temperatures, probably due to higher soil microbial activity at 35 °C. Fissore et al. \[[@pone.0237245.ref027]\] also showed that cool temperatures reduced the rate of decomposition, resulting in high SOC accumulation. Furthermore, Joergensen et al. \[[@pone.0237245.ref028]\] found that increasing the temperature from 15 °C to 25 °C, and further to 35 °C, can double and triple the rate of mineralizing soil organic C. Allison et al. \[[@pone.0237245.ref029]\] suggested that the SOC response to temperature is dependent on how microbial physiology and communities adapt to the new environments, which may lead to an upward adjustment of C utilization and accelerated SOC loss. PCM concentration increased during incubation for all treatments, probably due to the lower microbial activity caused by cooler temperatures before incubation, and microbial activity recovered after incubation when temperature and moisture became favorable. Before and after incubation, PCM was greater with straw mulching than without mulching, which was consistent with the findings reported by Wang et al. \[[@pone.0237245.ref005]\].

Although soil microbial activity was low at the beginning of incubation ([Table 1](#pone.0237245.t001){ref-type="table"}), it proliferated quickly with the incubation temperature at 15 °C, 25 °C, and 35 °C ([Fig 1](#pone.0237245.g001){ref-type="fig"}). Soil respiration increased rapidly at the early stage of incubation (0--15 DAI), decreased rapidly during mid incubation (16--30 DAI), and then decreased relatively slightly during the later stage of incubation (31--40 DAI). These changes in SR suggested that labile organic matter may have depleted quickly along with incubation time as observed in previous studies \[[@pone.0237245.ref006]\]. After 40 DAI, the respiration rate remained stable due to lower C and N availability. Furthermore, a rapid proliferation of microbial communities might have subsequently allocated more substrates to their proliferation and growth than to respiration, thereby decreasing soil respiration. Thereafter, the soil respiration rate and cumulative CO~2~-C evolution reached a steady state equilibrium during the day \[[@pone.0237245.ref030]\].

The daily respiration rate and cumulative respiration were strongly affected by straw mulching and incubation temperatures over a 60-day incubation period in the present study (Figs [1](#pone.0237245.g001){ref-type="fig"} and [2](#pone.0237245.g002){ref-type="fig"}). Soil respiration was higher with straw mulching than without, similar to results previously reported by Lanza et al. \[[@pone.0237245.ref031]\]. This higher rate of soil respiration can be explained by a higher quality of organic C in the straw mulch treatment and a higher SOC \[[@pone.0237245.ref005]\]. Sources of C inputs, including plant litter and rhizodeposition, act as substrates that are mineralized to CO~2~ by the soil microbial community \[[@pone.0237245.ref032]\]. Furthermore, there was a clear relationship between respiration rate and SOC and PCM ([S6 Table](#pone.0237245.s007){ref-type="supplementary-material"}), which was consistent with Lee et al. \[[@pone.0237245.ref019]\]. Both SOC and PCM played a dominant role in determining the variance in soil respiration, and soil microbial community composition was not the only major determinant of the soil respiration \[[@pone.0237245.ref033]\]. MBC was not correlated to respiration, which indicated that the microbial respiratory response to carbon additions is not necessarily linked to microbial biomass growth response \[[@pone.0237245.ref034]\]. However, Józefowska et al. \[[@pone.0237245.ref035]\] found a negative correlation between C content and respiration, which may be related to the protection of soil organic matter. Soil organic matter may be stabilized in the form of organo-mineral complexes \[[@pone.0237245.ref036]\], which are resistant to microbial degradation.

Soil respiration increased with increased incubation temperature ([Fig 1](#pone.0237245.g001){ref-type="fig"}), which agreed with the results reported by Lee et al. \[[@pone.0237245.ref019]\] and Suh et al. \[[@pone.0237245.ref037]\]. However, many warming experiments showed either no change \[[@pone.0237245.ref038]\] or decreased \[[@pone.0237245.ref039]\] soil respiration when incubated at higher temperatures. Teklay et al. \[[@pone.0237245.ref016]\] suggested that once the soil C limitation was alleviated, the effect of temperature became apparent. This difference could also be explained by changes in soil water. Water stress could suppress respiration by decreasing microbial activities directly, but also decrease soil respiration via the inhibition of carbon allocation and substrate availability indirectly \[[@pone.0237245.ref040]\]. In our experiment, soil water content remained stable, and increasing incubation temperature may reduce the turnover time of labile and recalcitrant C pools and temperature sensitivity \[[@pone.0237245.ref041]\]. So, a longer-term incubation may be needed to test the effect of temperature on soil respiration.

The Q~10~ values in our study were lower than previously reported by Wang et al. \[[@pone.0237245.ref042]\], where they found that Q~10~ values ranged from 1.96 to 2.76. This difference was probably due to different soil environments (soil organic matter, moisture, microorganism, and temperature) in the two studies. Meyer et al. \[[@pone.0237245.ref043]\] also found that forest soils were more sensitive to soil warming than cropland soils. In the last decade, some incubation studies illustrated that soils with high C substrate quality have low Q~10~ \[[@pone.0237245.ref044]\], which was consistent with our study ([Table 3](#pone.0237245.t003){ref-type="table"}). In our present study, straw mulching had a lower Q~10~ as compared with no mulching. The higher number of microorganisms in soil with straw mulching may accelerate the consumption of C directly caused by soil respiration. No additional C sources were added during our incubation experiment, causing soil C to become insufficient at the late incubation stage and resulting in the decrease of the Q~10~ under the straw mulching. Similarly, lower *q*CO~2~ under straw mulching also confirmed these conclusions ([Fig 3](#pone.0237245.g003){ref-type="fig"}). However, in our previous study, we found that the Q~10~ was higher under straw mulching than no mulching, probably due to the driving factors differing between the two studies \[[@pone.0237245.ref045]\]. Dai et al. \[[@pone.0237245.ref046]\] also indicated that the temperature sensitivity of organic C mineralization in exogenous C is highly sensitive to SOC, compared with no C input.

Huang et al. \[[@pone.0237245.ref047]\] reported significant correlations between the bacterial community richness and diversity and soil physicochemical properties. At the beginning of our incubation experiment, the abundance of all microbial taxa did not differ with and without mulching ([Table 4](#pone.0237245.t004){ref-type="table"}). After incubation, soil microbial diversity increased because of increased microbial activity (Tables [1](#pone.0237245.t001){ref-type="table"} and [5](#pone.0237245.t005){ref-type="table"}). However, soil bacterial diversity did not show significant differences between soils with and without straw mulch (except bacterial richness), although the PCA analysis revealed that bacterial and fungi communities distinctly separated from each other for CK and SM at all temperatures. Thus, further soil microbial composition studies are needed for understanding the effect of straw mulching on soil bacteria.

Soil bacteria and fungi were also profoundly different at different incubation temperatures ([Fig 5](#pone.0237245.g005){ref-type="fig"}). Lower bacterial and fungal diversities at 35 °C than at 15 °C and 25 °C indicated that the increase in temperature may have temporarily enhanced microbial activities and simultaneously promoted competition, which could eventually result in fewer dominant species at 35 °C when labile C was likely exhausted towards the end of the experiment \[[@pone.0237245.ref016]\]. Similarly, Pettersson & Bååth \[[@pone.0237245.ref048]\] also found a temperature-dependent changes in soil bacterial community in an 80-day incubation study at 5 °C°C, 20 °C, and 30 °C. Wu et al. \[[@pone.0237245.ref049]\] showed that soil microbial biomass, indexed by total phospholipid fatty acid concentration, shifted with temperatures in all soils and decreased with increasing incubation temperature.

In our study, straw mulching markedly changed soil bacterial and fungal community composition ([Fig 6](#pone.0237245.g006){ref-type="fig"}). The abundances of phyla *Proteobacteria*, *Acidobacteria*, *Bacteroidetes*, *Nitrospirae*, and *Planctomycetes* increased and the abundance of *Actinobacteria* and *Chloroflexi* decreased in SM relative to CK ([Fig 6](#pone.0237245.g006){ref-type="fig"} and [S2 Table](#pone.0237245.s003){ref-type="supplementary-material"}), which was partly consistent with the reports by Wang et al. \[[@pone.0237245.ref050]\]. The phylum *Proteobacteria* is generally enriched in the nutrient-rich conditions and plays a significant role in C and N cycling \[[@pone.0237245.ref051], [@pone.0237245.ref052]\]. In this study, the greater abundance of *Proteobacteria* in soils with straw mulch was probably due to the greater SOC and C availability with the additional C input, which can be energy sources for the growth of this phyla \[[@pone.0237245.ref053]\]. Similarly, the greater abundance of *Acidobacteria* may be due to more particle C fractions in SM than CK \[[@pone.0237245.ref022]\]. The variations of *Bacteroidetes* were stimulated by crop roots and are well adapted to labile carbon in soil, thus the greater abundance of *Bacteroidetes* might be due to increases in SOC due to straw mulching. The positive impacts of increased organic matter content on the growth of *Proteobacteria* and *Bacteroidetes* have been previously reported \[[@pone.0237245.ref002], [@pone.0237245.ref054]\]. Also, other specific taxa, especially for phylum *Actinobacteria* and *Chloroflexi*, decreased significantly with SM and drove the negative responses of SOC ([Fig 6](#pone.0237245.g006){ref-type="fig"} and [S2 Table](#pone.0237245.s003){ref-type="supplementary-material"}), which suggested a possible balance of C dynamics being mediated by these two phyla. It has been well established that classes *Thermomicrobia* and *MB-A2-108*, branches of *Actinobacteria*, were more abundant in CK than SM. Thus, this phylum showed a negative correlation with SOC in our study ([Fig 7](#pone.0237245.g007){ref-type="fig"} and [S7 Table](#pone.0237245.s008){ref-type="supplementary-material"}), which was consistent with the reports by Ren et al. \[[@pone.0237245.ref002]\]. As for the fungal community compositions, the abundance of phylum *Ascomycota* was higher under CK than SM, probably because it is involved in soil aggregation \[[@pone.0237245.ref022]\]. The higher abundance of phylum *Basidiomycota* in SM was mainly because these taxa are largely saprotrophic and benefit from nutrient enrichment of the soil resulting from the larger amounts of input organic matter associated with straw mulching.

Our correlation analysis between C fractions and DNA abundance of the single taxa yielded a high correlation coefficient for the abundances of phyla *Actinobacteria*, *Acidobacteria*, *Bacteroidetes*, *Nitrospirae*, and *Planctomycetes* ([Fig 7](#pone.0237245.g007){ref-type="fig"} and [S7 Table](#pone.0237245.s008){ref-type="supplementary-material"}), which confirmed that these taxa play an important role in the degradation of soil organic carbon compounds. This result was partly consistent with Fierer et al. \[[@pone.0237245.ref053]\] and Lanza et al. \[[@pone.0237245.ref031]\]. Furthermore, the relationships among soil C fractions, SR, and microbial community compositions were different with and without straw mulch ([S7](#pone.0237245.s008){ref-type="supplementary-material"} and [S8](#pone.0237245.s009){ref-type="supplementary-material"} Tables), which indicated that temperature could influence the response soil microbial community composition to straw mulching.

Conclusions {#sec014}
===========

Based on a short-term incubation experiment, our study showed that straw mulching affected soil respiration and microbial community composition at different incubation temperatures. Compared to no mulching, straw mulching significantly increased SOC and PCM concentrations, soil respiration and *q*CO~2~, decreased the Q~10~ value and changed soil microbial community compositions. Soil respiration increased, while soil C fractions and microbial diversity decreased, with increasing temperature. Such changes depended on the alteration of the bacterial and fungal communities with straw mulching. Furthermore, increasing temperature could change soil C sequestration by changing the relationships among soil respiration, microbial community, and C fractions.
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Discussion
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1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Corrected according to the templates.

2\. We noticed you have some minor occurrence of overlapping text with previous publications, which needs to be addressed. In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

Corrected as suggested. References have been added and relative descriptions have been corrected (Lines 192-206, 234-241 in the Revised Manuscript with Track Changes).

3\. We suggest you thoroughly copyedit your manuscript for language usage, spelling, and grammar. If you do not know anyone who can help you do this, you may wish to consider employing a professional scientific editing service.

We asked Dr. Russell Doughty, who is working in Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA, USA, for language improvements. Also, he is included in the authors' list in the revised manuscript.

4\. We note that you are reporting an analysis of a microarray, next-generation sequencing, or deep sequencing data set. PLOS requires that authors comply with field-specific standards for preparation, recording, and deposition of data in repositories appropriate to their field. Please upload these data to a stable, public repository (such as ArrayExpress, Gene Expression Omnibus (GEO), DNA Data Bank of Japan (DDBJ), NCBI GenBank, NCBI Sequence Read Archive, or EMBL Nucleotide Sequence Database (ENA)). In your revised cover letter, please provide the relevant accession numbers that may be used to access these data. For a full list of recommended repositories, see <http://journals.plos.org/plosone/s/data-availability#loc-omics> or <http://journals.plos.org/plosone/s/data-availability#loc-sequencing>.

The raw sequences for all samples were sent to the Sequence Read Archive (SRA) database of the National Center for Biotechnology Information (NCBI, Bethesda, MD, USA) with the accession numbers SRP260944 for bacteria and SRP261054 for fungi, respectively.

5\. Please provide further details in your Methods section on the sequencing carried out on the samples.

Changed. See Lines 242-268.

6\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

Done.

7\. Please upload a copy of Figures 7 and 8, to which you refer in your text on page xx. If the figure is no longer to be included as part of the submission please remove all reference to it within the text.

Removed. We rechecked this sentence, and the description about Figures 7 and 8 is unnecessary. See Line 407.

8\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

Changed. We have revised Supporting Information according to the guidelines. (Lines 574-623)

Responses to Reviewer \#1

Line 1: How can soil C fraction, soil respiration, and community composition have responses? E The title is misleading. Please restructure the sentence.

The title was changed as "Increasing temperature can modify the effect of straw mulching on soil C fractions, soil respiration, and microbial community composition" (Lines 1-2 in the Revised Manuscript with Track Changes).

Line 19: what mulched?

"what" was deleted (Line 22).

Line 21-22: Restructure sentence, reads weird.

The sentence was corrected as "Soil respiration, C fractions and bacterial and fungal community structure were measured." (Lines 24-25).

Line 22: Greater than what?

The sentence was corrected as "SM had greater soil organic carbon and potential C mineralization and a similar microbial biomass carbon throughout the incubation when compared with CK" (Line 26-28).

Line 23: SM was averaged across temperatures?

Deleted. (Line 28)

Line 24: Greater than what?

Line 25: Again, greater than what?

The sentences have been corrected as "Similar microbial community composition was found in the soils with SM and CK before incubation. However, SM had a greater bacterial richness and the relative abundances of Proteobacteria, Acidobacteria, Nitrospirae, Planctomycetes, Bacteroidetes, and Basidiomycota, but a lower relative abundance of Actinobacteria, Chloroflexi, and Ascomycota than CK after incubation" (Lines 31-35).

Line31: What is the existing relationship that was modified with increasing temperature?

This sentence was corrected as "These findings indicated that the effect of straw mulching on soil C cycling and microbial community structure can be highly modified by increasing temperature." (Lines 41-43).

Line 33: The authors haven't really looked at carbon pools nor microbial activities, so this is not an appropriate keyword

The keywords were corrected as "Incubation, mulching, microbes, soil carbon, warming" (Line 44).

Line 35: Numbers are available for this, please write the percentages instead of writing a vague word as "substantially"

This sentence was corrected as "Soil contains around 1500 Pg of organic carbon (C) and plays a major role in the carbon cycling in terrestrial ecosystems" (Lines 47-48).

Line 36: What is meant by small shift? And the sentence structure is wrong.

This sentence was corrected as "A small variation in soil C sequestration can lead to a significant change in atmospheric CO2 concentration" (Lines 49-50).

Line 39-40: "SR is often used to approximate the rate of soil organic carbon (SOC) mineralization and decomposition" Please provide reference. Is this true for all soil orders and latitudes? Avoid making such general statements. I would recommend refer to these and references cited in these papers to develop a deeper understanding on this topic and improve the introduction. <https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1002/2017GB005644>, <https://www.biogeosciences.net/16/663/2019/>, <https://www.nature.com/articles/srep18370>

\(1\) The sentence was deleted and reviewed. (Line 86-87)

\(2\) The papers of Wei et al. (2015) and Meyer et al. (2018) were cited in the manuscript.

Line42-43: This statement makes no sense. If the discussion has rarely been limited, why do this study. Also, which species are the authors alluding to here? Vague sentence.

The sentence was deleted.

Line 46: changing how and promoting what soil microbial processes?

Deleted.

Line 48: if previous studies have already studied this, why are the authors doing this experiment? What is unique?

Though previous studies have already studied the responses of SOC, SR and microbial activity to warming have gained more attentions recently. The comprehensive responses of C soil fractions, SR and microbial communities to straw mulching would vary with different temperature change is now well reported. (Lines 71-73)

Lines 52-54: dryland carbon dynamics is a new concept introduced here, why?

we have deleted the concept of "dryland carbon dynamics"; the straw mulching was widely application in the dryland, so we used the concept, but the concept of "dryland carbon dynamics" in manuscript was not inaccurate.

Line 69: why study soil C fractions? The authors haven't presented a compelling reason.

We have added the reason why study soil C fractions as "Generally, SOC would change slowly with management practices due to its large pool sizes and inherent spatial variability. Soil labile C fractions, such as microbial biomass carbon (MBC) and potential C mineralization (PCM) would response more rapidly to environmental change than SOC." (Lines 56-59).

Line 72: The authors should provide some background information about mulching practices and why there is a need to study it. What have previous studies reported? Have other studied looked at impact of variable temperature on mulching benefits?

Reviewed. The background information about mulching practices and the previous results about temperature on mulching have added as "In the recent decades, straw mulching has widely been adopted to conserve soil water, regulate soil temperature and increase crop yield in dryland cropping systems. The application of straw mulch also has been proposed as a method to store organic carbon long term. In an 8-yr study in the Loess Plateau of China, Wang et al. reported that soil organic C (SOC) stock was 7-35% greater with straw mulching than without". (Lines 51-56)

Line 73: What does one mean by changing the relationships?

Changed. We have revised the sentence from "explore whether temperature affected soil C sequestration by changing the relationships among soil respiration, microorganisms, and C fractions" to "In the context of climate change, the responses of SOC, SR and microbial activity to warming have gained more attentions recently. Increasing temperature would stimulate soil microbial metabolisms, accelerate SOC decomposition and increase C efflux through SR. Since the temperature sensitivity of SR (Q10) varied with the substrate availability, how the comprehensive responses of C soil fractions, SR and microbial communities to straw mulching would vary with different temperature change is now well reported.". (Lines 71-76)

Line 71-74: What hypotheses are driving these objectives?

We have added two hypotheses as "(1) straw mulching would increase SR rates by increasing the input of organic matter in the soil compared with no mulching; and (2) straw mulching could change the temperature sensitivity of the agro-ecosystem due to the regulation of soil C fractions and soil microbial community.". (Lines 80-83).

Line 134: Where are the codes for sequence analyses? Where have the sequences been deposited? Please make code and data available.

Added. The raw sequences for all samples have sent to the Sequence Read Archive (SRA) database of the National Center for Biotechnology Information (NCBI, Bethesda, MD, USA) under the accession numbers SRP260944 and SRP261054 for bacteria and fungi, respectively. (Line 268)

Line 194: OTU composition

Changed. "OUT" was changed to "OTU". (Line 365).

Line 224-244 and Figure 5: Are these averages? How were the three replicates handled? It is unclear whether these relative abundances are from one replicate per treatment or average across replicates.

Figure 5 data showed the average across three replicates.

Line 319-320: taxa did not differ due to low microbial activity is a stretch. The environment is not significantly different enough to see a difference

The sentence "which is probably due to lower microbial activity" was removed. (Line 516).

Line 324: What does one mean by "separated by PCA"?

We have revised the sentence as "According to PCA analysis, bacterial and fungal communities were significantly different from each other with and without straw mulch and for the incubation temperatures". (Lines 519-520).

Line 324-325: I would recommend that the authors refer to studies already conducted to understand the effect of straw mulching on bacteria. <https://www.sciencedirect.com/science/article/pii/S092913931931056X#f0030>

<https://link.springer.com/article/10.1007/s13762-017-1434-8>,

<https://www.sciencedirect.com/science/article/pii/S1164556318304874>

Added. We have added the references of Fu et al. (2019); Huang et al. (2019); Wang et al. (2020).

Figure3: How were these ellipses drawn?

These ellipses represent significant differences between different treatments. The purpose of these ellipses is making readers see the difference of two treatments more clearly. The method was refered to Hemkemeyer et al. (2015).

Responses to Reviewer \#2

Introduction

Line 43 Perhaps "defined" instead of "limited".

Agree. We have deleted the sentence. (Line 123 in the Revised Manuscript with Track Changes)

The introduction focuses primarily on carbon availability and temperature as strong controls on soil respiration in general. However, the focus on dryland systems is cursory at best (line 53-54). Please include additional details about how this information is important for dryland systems.

We have added the description about the development of straw mulching in dryland. (Lines 51-56)

Results

Line 167-168: It was stated that cumulative respiration was greater in SM than CK but only 3 values were provided for cumulative respiration at the different temperatures. To which treatment do these three values apply? Throughout the results there are figure captions listed. (line 172-186, 201-204)

Each value is an average of three replicates for every treatment. We have added figs captions. (Lines 239, 243-245, 253, 284, 288 and 306)

Discussion

The authors discuss changes in respiration at temperature, but there is little reference to the temperature sensitivity calculations they performed. Additionally, was temperature sensitivity calculated at different points throughout the experiment, only 1 value per treatment was included. Additional temperature sensitivity calculations would enable additional comparisons to other studies and provide a standard metric for comparison.

We have added the discussion about temperature sensitivity and compared with other studies as " The result by Wang et al. showed that Q10 values in all soils ranged from 1.96 to 2.76, which was higher than our study. This was probably due to different soil environments (soil organic matter, moisture, microorganism, temperature) compared with our study. In the recent decade, some incubation studies illustrated that soils with high C substrate quality have low Q10, which was consistent with our study (Table 3). In our present study, straw mulching had lower Q10 as compared with no mulching. Higher soil microorganisms under straw mulching may accelerate the consumption of C directly caused by soil respiration. But no additional C sources were added during the incubation experiment, causing soil C is insufficient at the late incubation stage, and resulting in the decrease of the Q10 under the straw mulching. Similarly, lower qCO2 under straw mulching also confirmed these conclusions (Fig 3). However, in our previous study, we found that the Q10 was higher under straw mulching than no mulching, probably due to the driver factors was different as the present study. Dai et al. also indicated that the temperature sensitivity of organic C mineralization in the exogenous C is highly sensitive to SOC, compared with no C input.". (Lines 495-512)

Lines 273-294: The authors describe that it is possible the microorganisms have reduced respiration relative to biomass at lower temperatures, however that calculation does not appear in the manuscript. Respiration per unit biomass (sometimes referred to as Rmass) would be a helpful metric for comparison between temperature and treatments as well as other studies. I think that the authors have MBC data and respiration data for at least some of the time points for this calculation.

We have added the description about metabolic quotient (qCO2), and found " The qCO2 under both CK and SM appeared to increase with increasing incubation temperatures (Fig 3). For all incubation temperatures, SM had higher qCO2 than CK.". (Lines 322-324 and Fig 3.)

Tables and Figures

Figure 1b. Is this graph showing an average soil respiration for CK and SM at each temperature or is this only one of the treatments? If one of the treatments then needs to be labeled as such in the caption. If it is an average of the two treatments I don't think they can be combined since there was a difference in respiration based on treatment.

It is an average of the two treatments, yes, there was a difference in respiration based on different treatments. We are agreed with this view and have revised the figure, which showed Line 326

Table 2. Between what temperatures was Q10 calculated, 15 to 25, 25 to 35, or 15 to 35?

Q10 was calculated from 15 to 25, 25 to 35. We have added the formulas and reference. (Lines 282-289)

Responses to Reviewer \#3

However, I have certain and major concern about Soil C pools and how the authors relate that to microbial habitat, besides, what was the real decomposition process and how was related to increasing temperature. There is lack of information about straw mulch in terms of composition and C: N Ratio.

Reviewed (1) The manuscript mainly focuses on the response of carbon pools under straw mulching to global warming. Therefore, we mainly analyzed the influence of straw mulching on soil C fractions, SR rate and soil microbial community.

\(2\) The information about straw mulch in term of composition and C/R ratio was added as "Corn straw had a C/N ratio of 40.1 and the contents of cellulose, hemicellulose and lignin were 32%, 28% and 15.5%, respectively.". (Lines 197-198).

Other comments:

-Abbreviations in the text are confusing and need to be more clear

Reviewed.

-Heading, subheading, subtitles in the manuscript need to be changed to appropriate format.

Changed.

-Objectives are not clear, and the second objective is part of the first one. Basically, the study has more than one objective.

Objectives were revised as "(1) determine changes in carbon fractions and SR rates to different temperatures in soils with and without straw mulch, (2) quantify the effect of straw mulch on soil temperature sensitivity; (3) explore the relationships among soil C fractions, SR rates and soil microbial community in a wheat cropping system in the Loess Plateau, China" (Lines 90-94).

-There is no hypothesis related to the objectives to show the mulching impact and warming as a drive factor for decomposition and microbial activity.

Two hypothesis were added as "(1) determine changes in carbon fractions and SR rates to different temperatures in soils with and without 9-yr straw mulching, (2) quantify the effect of straw mulching on soil temperature sensitivity; and (3) explore the relationships among soil C fractions, SR rates and the soil microbial community.". (Lines 77-80).

-Separate table for initial chemical and physical soil properties is needed and it is better than the way was written in the text.

The tables about soil C fractions was revised. We have separated the data of initial chemical and physical soil properties from after incubation. See Tables 1 and 4.

-Lack of information about mulch application

The information about mulch application was added as "In the recent decades, straw mulching has widely been adopted to conserve soil water, regulate soil temperature and increase crop yield in dryland cropping systems. The application of straw mulch also has been proposed as a method to store organic carbon long term." (Lines 51-54).

-Tables need to be revised

Reviewed. See Tables 1, 2, 4 and 5.

-Line 41 -- 47: the statement is not clear and needs to be revised

The descriptions about the development of temperature on SR and microbial community was revised as "A comprehensive understanding of how soil respiration is affected by changing different factors is important to improving soil carbon sequestration. However, positive, neutral, and negative effects of temperature on soil C fractions and SR have been documented. Thus the temperature dependency of soil C decomposition and its possible future variation needs to be more clearly defined." and "In the context of climate change, the responses of SOC, SR and microbial activity to warming have gained more attentions recently. Increasing temperature would stimulate soil microbial metabolisms, accelerate SOC decomposition and increase C efflux through SR.". (Lines 71-73)

-Line 82: what is STN stands for?

We have changed "STN" to "soil total nitrogen content". (Line 190)

-Line 95-98 need more details about soil sampling,

The details about soil sampling was added as "Fresh soil samples were collected from after corn harvest in October 2017. Soil samples (about 10 kg) were collected with a spade from the surface layer (0-20 cm) from five places within a plot. Then we composited five samples to one sample, and placed them in plastic boxes. We tried to avoid damaging the soil structure during the collection process.". (Lines 207-211)

-Line 103: In what basis you adjust soil sample to 60% water.

The cumulative soil respiration is maximum when the water content reached 60% of the field water holding capacity. Therefore, during the incubation period, we used weighing method to keep the soil water content. The citation was added in Line 218.

-Line 110-115: need citation

The citation was added. See Lines 221.

-Line 128-132: need to be revised

The methods section on the sequencing was revised as "Soil DNA was extracted from 0.5 g of freeze-dried soil using Fast DNA SPIN extraction kits (MP Biomedicals, Santa Ana, CA, USA). The extraction method was same as Ren et al. The universal Eubacterial primers 338F (5'-ACTCCTACGGGAGGCAGCA) and 806R (5'-GGACTACHVGGGTWTCTAAT-3') were used for amplifying the 16S rRNA V3-V4 fragment. The universal eukaryotic primers ITS5F (5'-GGAAGTAAAAGTCGTAACAAGG) and ITS1R (GCTGCGTTCTTCATCGATGC) were used for amplifying the ITS-1 region.". (Lines 154-159)

-Line 207-208 the dominant bacterial phyla total composition doesn't come out to 100%

The dominant bacterial phyla total composition count for about 95%, and the other bacterial phyla count for about 5%. See Line 378.

-Line 307-308 how and need citation

The need citation was added as "Soil organic matter may be stabilized in the form of organo-mineral complexes, which are resistant to microbial degradation.". (Lines 482-483)
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